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Not all cells of an organism must contain the same genome. Some eukaryotes exhibit dramatic 49 differences between their germline and somatic genomes, resulting from programmed DNA 50 elimination of chromosomes or fragments thereof during germline-soma differentiation 5 . Here
51
we present the first comprehensive analyses of a germline-restricted chromosome (GRC). The 52 zebra finch (Taeniopygia guttata) GRC is the largest chromosome of this songbird 6 and likely 53 comprises >10% of the genome (>150 megabases) 7, 10 . Cytogenetic evidence suggests the GRC is 54 inherited through the female germline, expelled late during spermatogenesis, and eliminated from 55 the soma during early embryo development 6, 11 . Previous analyses of a 19-kb intergenic region 56 suggested that the GRC contains sequences with high similarity to regular chromosomes ('A 57 chromosomes') 8 .
59
In order to reliably identify sequences as GRC-linked, we used a single-molecule sequencing 60 technology not applied in birds before that permits reconstruction of long haplotypes through 61 linked reads 12 . We generated separate haplotype-resolved de-novo genome assemblies for the 62 germline and soma of a male zebra finch (testis and liver; 'Seewiesen'; Supplementary Table 1) .
63
We further used the linked-read data to compare read coverage and haplotype barcode data in 64 relation to the zebra finch somatic reference genome ('taeGut2') 7 , allowing us to identify Our linked-read and re-sequencing approach allowed us to determine the sequence content of the 85 GRC. The GRC is effectively a non-recombining chromosome as it recombines with itself after 86 duplication, probably to ensure stable inheritance during female meiosis 8 . We predicted that the 87 GRC would be highly enriched in repetitive elements, similar to the female-specific avian W 88 chromosome (repeat density >50%) 14 . Surprisingly, neither assembly-based nor read-based repeat 89 quantifications detected a significant enrichment in transposable elements or satellite repeats in 90 the germline samples relative to the soma samples (Supplementary Text, Supplementary Table 3) .
91
Instead, most germline coverage peaks lie in single-copy regions of the reference genome including 38 genes ( Fig. 1e-f between different amplified chromosomal regions in germline but not soma ( Fig. 1g-h ),
96
suggesting that these regions reside on the same haplotype (Extended Data Fig. 2 ). We 97 additionally identified 245 GRC-linked genes through germline-specific single-nucleotide 98 polymorphisms (SNPs) present in read mapping of all three germline samples onto zebra finch 99 reference genes (up to 402 SNPs per gene; Supplementary Table 4) . As a control, we used the 100 same methodology to screen for soma-specific SNPs and found no such genes. We
101
conservatively consider the 38 GRC-amplified genes and those with at least 5 germline-specific
102
SNPs as our highest-confidence set (Table 1) . We also identified GRC-linked genes using 103 germline-soma assembly subtraction and coverage differences (Fig. 1i) estrildid finches (Fig. 3g) . The presence of at least 7 genes in these three strata implies that the
142
GRC is tens of millions of years old and likely present across songbirds (Extended Data Fig. 5 ),
143
in line with a recent cytogenetics preprint 20 . Notably, stratum 4 is specific to the zebra finch 144 species and stratum 5 to the Australian zebra finch subspecies ( Fig. 3g) 
253
(alexander.suh@ebc.uu.se). Note: We were able to place only some genes on evolutionary strata due to our strict criteria for evaluating the 262 maximum likelihood gene trees. The remaining genes lacked sequence information from several of the other sampled somatic genomes or had poorly resolved tree topologies. Table 1 ). Note that the similarities between Seewiesen (e) and Spain_1/Spain_2 averages (f) constitute . Randomization tests show a significant enrichment for germline-expressed 294 genes among the 115 high-confidence GRC genes and all 267 GRC genes, but not the 38 ampliconic GRC genes. 
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